We have examined the roles played by the Drosophila neural RNA-binding protein Musashi (MSI) in eye development. MSI expression was observed in the nuclei of all photoreceptor cells (R1±R8). Although a msi loss-of-function mutation resulted in only weak abnormalities in photoreceptor differentiation, we found that the msi eye phenotype was signi®cantly enhanced in a seven in absentia (sina) background. sina is known to be involved in the degradation of the Tramtrack (TTK) protein, leading to the speci®cation of the R7 fate. We demonstrated that MSI also functions to regulate TTK expression. The sina msi mutants showed signi®cantly high ectopic expression of TTK69 and failure in the determination of the R1, R6, and R7 fates. Other photoreceptor cells also failed to differentiate with abnormalities occurring late in the differentiation process. These results suggest that MSI and SINA function redundantly to downregulate TTK in developing photoreceptor cells. q
Introduction
In eukaryotic cells, a multitude of RNA-binding proteins play key roles in the posttranscriptional regulation of gene expression (Bingham et al., 1988; Hinnebusch, 1988; Bernstein and Ross, 1989) . The characterization of these proteins has led to the identi®cation of several RNA-binding motifs (Kenan et al., 1991) . The RNA recognition motif (RRM), composed of 70±100 amino acids, is the most widely found and best-characterized RNA-binding motif. Many RRMcontaining proteins have been shown to be involved in a variety of processes, ranging from splicing to translational regulation (Kenan et al., 1991; Birney et al., 1993; Burd and Dreyfuss, 1994) . One group of neural RNA-binding proteins, referred to as the`Musashi family', has a primary structure and expression pattern that is evolutionarily conserved from invertebrates to vertebrates (Nakamura et al., 1994; Sakakibara et al., 1996; Good et al., 1998; Okano et al., 1998) , suggesting it has important functions in neural development. Drosophila Musashi (MSI) contains two RRMs and has been identi®ed as a gene product required for the development of the adult external sensory organs (Nakamura et al., 1994) . The Drosophila external sensory organ is composed of four different cell types, produced by two asymmetrical divisions of the sensory organ precursor (SOP) cells (Posakony, 1994) . In the ®rst step, a SOP cell divides to produce IIa and IIb cells, the cell-lineagerestricted intermediate progenitor cells. In the second step, the IIa and IIb cells divide to produce hair/socket and neuron/sheath cells, respectively. In loss-of-function msi mutants, one SOP cell often fails to divide asymmetrically and instead generates two IIa cells, resulting in the production of extra socket and hair cells (Nakamura et al., 1994) . It has been proposed that MSI controls external sensory organ development by regulating the expression of target genes at the posttranscriptional level (Nakamura et al., 1994; Okano, 1995; Okabe et al., 1997) . A candidate target gene for MSI is tramtrack (ttk), which encodes two alternatively spliced zinc-®nger transcription factors, TTK69 and TTK88 (Harrison and Travers, 1990) . Loss of ttk function results in the generation of two IIb cells, the opposite outcome from that seen with the loss-of-function msi mutant. Overexpression of TTK, on the other hand, results in a cell transformation similar to that seen with the loss of msi function (Guo et al., 1995; Ramaekers et al., 1997) , indicating that msi and ttk play opposite roles in the development of the external sensory organ. Therefore, it is likely that MSI negatively regulates TTK expression.
Although MSI is expressed throughout the nervous system, including in the adult external sensory organ (Nakamura et al., 1994) , it has not been determined whether MSI is involved in the development of other parts of the nervous system, or through which pathway MSI functions. Thus, in the present study, we examined the role of MSI during Drosophila eye development. The Drosophila compound eye provides an excellent model system for studying the function of genes involved in pattern formation, cell fate determination, cell shape changes, and cellular movements during development (Rubin, 1989; Wolff and Ready, 1993) . The compound eye consists of about 800 simple units called ommatidia, each containing eight photoreceptor cells (R1± R8) and 16 accessory cells (Wolff and Ready, 1993) . Accessory cells consist of cone cells, three types of pigment cells, and bristle group cells. Previous studies demonstrated that TTK acts as an inhibitor of photoreceptor differentiation in eye development (for review, see Dickson, 1998) . In larval eye discs, TTK proteins can be detected only in the cone cells, even though transcription is likely to be induced in both photoreceptor and cone cells (Lai et al., 1996; Li et al., 1997) , suggesting that ttk is downregulated posttranscriptionally in all the photoreceptor cells. In the developing photoreceptor cells, TTK expression has been shown to be regulated by several genes. seven in absentia (sina), phyllopod (phyl), and ebi, all encode nuclear proteins that are involved in targeting TTK proteins for degradation (Li et al., 1997; Tang et al., 1997; Dong et al., 1999) . The characterization of their loss-of-function phenotype and expression pattern has indicated that these genes act in a partially redundant manner to posttranscriptionally downregulate ttk expression. SINA, for example, is expressed in R1, R3, R4, R6, and R7 at the third-instar larval stage and in all the ommatidial cells during pupation (Carthew and Rubin, 1990) . In sina loss-of-function mutants, however, only R7 expresses TTK ectopically (Li et al., 1997) , and it is transformed into a cone cell (Carthew and Rubin, 1990 ). Therefore, it is not clear if SINA is involved in the posttranscriptional downregulation of ttk expression in other SINA-expressing cells. It is possible that the loss of SINA function to downregulate TTK may have been compensated for by other genes.
In this study, we particularly focused on the role of MSI in the regulation of TTK expression in the developing Drosophila eye. The present results suggest that MSI acts synergistically with SINA to downregulate TTK expression posttranscriptionally.
Results

MSI is expressed in the nuclei of photoreceptor cells early in neuronal differentiation
To examine the pattern of MSI expression in eye development, we generated a monoclonal antibody against the MSI protein. The N-terminal region of MSI (210 amino acids) was used as the antigen for immunization. The antibody 3A5 recognized three protein species with relative molecular masses of 60±70 kDa in immunoblots of protein extracts from wild-type eye discs (Fig. 1, lane1 ). These sizes are compatible with the molecular weight predicted from the cDNA sequence (63 kDa, 606 amino acids). MSI may receive three different types of modi®cation, resulting in the three bands observed. In the immunoblot analysis, the intensities of these bands were reduced in msi 1 / 1 extracts and undetectable in msi 1 /msi 1 extracts (Fig. 1, lanes 2, 3) . Immunohistochemistry with this antibody did not detect any signals in msi 1 /msi 1 discs (Fig. 2D ). Taken together, these results suggest that the antibody 3A5 recognized the MSI protein speci®cally.
To determine the types of cells expressing MSI in developing eye discs, double staining with antibodies against MSI and a neuronal marker, ELAV (Robinow and White, 1991) , was performed. In eye imaginal discs from third-instar larvae, we observed a low level of MSI expression in cells forming a stripe immediately anterior to the morphogenetic furrow (MF) (Wolff and Ready, 1993) , and a more intense signal in the developing ommatidia posterior to the MF ( Fig.  2A) . MSI expression was restricted to nuclei in cells posterior to the MF, although it appeared not to be restricted to nuclei anterior to it. Compared with ELAV staining (Fig.  2B ), some cells anterior and just posterior to the MF were immunopositive for MSI, but negative for ELAV (Fig. 2C) . To compare MSI and ELAV expression in detail, discs were stained with both MSI and ELAV antibodies using HRPlabeled secondary antibodies. The ommatidial clusters 4±6 rows posterior to the MF contained three ELAV-positive neurons, R8, R2, and R5. These three cells were also positive for MSI, and MSI expression was also detectable in the presumptive R3 and R4 cells prior to their ELAV expression (Fig. 2E,F) . At 7±10 rows posterior to the MF, the ommatidial clusters contained ®ve ELAV-positive neurons, R8, R2, R5, R3, and R4. In addition to these ®ve cells, three MSI-positive cells were located basally adjacent to R2, R8, and R5, which correspond to the presumptive R1, R6, and R7 cells (Fig. 2G,H ). This result suggests that expression of MSI begins earlier than that of ELAV during the neuronal differentiation of photoreceptor cells. Staining of pupal retinas 40 h after puparium formation (40 h APF) with the anti-MSI antibody showed that all photoreceptor cells continued to express MSI protein during pupal eye development (Fig.  2I ). MSI was also expressed in the photoreceptor cells of adult¯ies (Okano et al., unpublished data) .
msi interacts genetically with sina
To investigate the functions of MSI during eye development, we examined the eye phenotype of the msi 1 /msi 1 mutants. msi 1 /msi 1 eyes contained abnormal ommatidia (data not shown), with deformed rhabdomeres and/or irregular orientation, at a low frequency (3.05%, n 1405). Staining developing msi 1 /msi 1 eye discs with antibodies against several neuronal markers revealed that the number of photoreceptor cells was not affected (data not shown), suggesting that msi is involved in late processes of photo-receptor cells differentiation, including the formation of rhabdomeres. However, the penetrance of the msi 1 /msi 1 phenotype was so low that it was dif®cult to investigate the MSI function. We then characterized the genetic interactions of msi with ttk, a possible target gene of MSI, and sina, a factor involved in the degradation of TTK. We found strong genetic interactions between msi and sina mutations in eye development. In wild-type¯ies, the compound eye has a regular array of ommatidia (Fig. 3A) , each of which contains eight photoreceptor cells, R1±R8. At the R7 level, the rhabdomeres of seven photoreceptor cells (R1±R7) are arranged in a characteristic asymmetrical trapezoid (Fig.  3B ). Since SINA is essential for the differentiation of R7 (Carthew and Rubin, 1990) , R7 is missing in 90% of the ommatidia of sina 2 /sina 3 mutants (in which little if any functional gene products are produced) and the external morphology of the eyes shows a slight roughness (Fig. 3C,D; Carthew and Rubin, 1990 ) showed synergistic, but not additive, enhancement. The external morphology of the double homozygous mutants showed strikingly disturbed ommatidial arrays (Fig. 3E) . Most of the rhabdomeres were severely deformed (Fig. 3F ) and no ommatidia contained more than ®ve rhabdomeres (indicated by arrows in Fig. 3F ), suggesting that msi and sina have important and distinct roles in the differentiation of photoreceptor cells. To con®rm the function of MSI, rescue experiments of sina msi double mutants by MSI were performed. A genomic region containing the wild-type msi gene (referred to as P[msi 1 ]) was introduced into the sina msi mutant¯ies by P element-mediated germline transformation. The P[msi 1 ] fragment signi®cantly rescued the defects in the sina msi eyes (Fig. 3G,H) . The external morphology of the eye and the formation of rhabdomeres were nearly normal (Fig. 3G,H ). This result indicates that the sina msi eye phenotype was partially due to the loss of msi function. Since MSI contains two RNA recognition motifs (RRMs) (Kenan et al., 1991; Dreyfuss et al., 1993) , RRM-A and RRM-B, the RNA-binding activity of MSI is likely to be essential for its rescuing activity. To test this possibility, a transgenic rescue experiment was performed in which mutant MSI proteins whose RNA-binding activities were designed to have been abolished were expressed. The RRM domains contain a consensus sequence that is composed of two highly conserved short segments, referred to as RNP1 (ribonucleoprotein octamer consensus) and RNP2. Since the aromatic side chains of RNP1 are known to be crucial for RNA binding (Burd and Dreyfuss, 1994) , mutations that change phenylalanine to alanine in three places in the RNP1 were induced into both of the two RRMs of MSI (referred to as P[msiA*B*]). We found that the P[msiA*B*] fragment did not rescue the sina msi eye phenotype (Fig. 3I,J) . Additionally, P[msi 1 ] fully rescued the weak defects in the msi 1 eyes described above, while P[msiA*B*] had no effect (data not shown). Taken together, we conclude that the RNA-binding ability of MSI is involved in normal eye development.
MSI and SINA are required for photoreceptor cell differentiation
To examine how the sina and msi mutations caused the severe eye defects described above, the neuronal differentiation of this double mutant was examined by staining with anti-ELAV antibody. All the ommatidia posterior to the eighth row from the MF contained eight photoreceptor cells in wild-type eye discs (Fig. 4A, insets) . In the same region, 90% of the ommatidia of sina 2 /sina 3 lacked R7 (Fig.  4B, insets) as reported previously by Carthew and Rubin (1990) . In the same region, all the ommatidia of sina contained only ®ve cells (Fig. 4C , top inset), consistent with the appearance of the phenotype in adult eyes (Fig. 3F ). In the sina 2 msi 1 /sina 3 msi 1 eye discs, a nearly normal pattern of ELAV staining was observed in developing ommatidia up to the ®ve-cell precluster stage, which is composed of R2, R3, R4, R5, and R8. Subsequently, however, R1, R6, and R7 were never added to the ommatidia. These results suggest that MSI and SINA have redundant functions in the cell fate determination of R1, R6, and R7. Furthermore, in the posterior region of the eye discs, the spatial arrangement of the ®ve cells in each ommatidium changed and overlapped abnormally (Fig. 4C, middle inset) . In the most posterior region of the eye discs, many ommatidia with reduced numbers of ELAV-positive cells were observed (Fig. 4C, bottom inset) . These results indicate that R2, R3, R4, R5, and R8, which once expressed ELAV, gradually had their spatial arrangement in the ommatidia disrupted, and that some of the photoreceptor cells failed to maintain ELAV expression, resulting in a strikingly deformed eye.
To con®rm the requirement of SINA and MSI for the cell fate determination of R1 and R6, the sina msi eye discs were stained with antibody against Bar, an R1/R6-speci®c marker (Higashijima et al., 1992) . Bar is expressed in R1 and R6 in wild-type eye discs (Fig. 4D) . In 40% of the ommatidia of sina 2 /sina 3 eye discs, the number of Bar-positive cells was reduced to one or zero (Fig. 4E) , suggesting that SINA has some roles in the cell fate determination of R1 and R6, where SINA is known to be expressed (Carthew and Rubin, 1990 (Fig. 4G) , con®rming that MSI and SINA have redundant functions required for the cell fate determination of R1 and R6.
MSI and SINA negatively regulate TTK69
SINA has been suggested to be involved in the degradation of TTK, a general inhibitor of neuronal differentiation (Li et al., 1997; Tang et al., 1997) . Since sina msi double mutants showed defects in neuronal differentiation, we tested the possibility that the expression pattern of TTK69 was different in these animals by examining the TTK expression pattern in eye discs stained with anti-TTK69 antibody. In wild-type eye discs, TTK69 was detected in four cone cells per ommatidium (Fig. 5A) . The expression pattern of TTK69 in the msi 1 /msi 1 eye discs was indistinguishable from that of wild-type (data not shown). In sina 2 / sina 3 eye discs, ®ve cells were labeled in 5% of the ommatidia (Fig. 5B) , suggesting that degradation of TTK69 was reduced. Notably, 50% of the ommatidia in the sina 2 msi 1 / sina 3 msi 1 eye discs contained additional TTK69-expressing cells (Fig. 5C) , indicating that the average number of cells per ommatidium that express TTK69 ectopically is larger in sina 2 msi 1 /sina 3 msi 1 than in sina 2 /sina 3 eye discs. Since both photoreceptor and cone cells were deformed at later stages of development, as described above, we could not identify the cell types ectopically expressing TTK69. This result suggests that the TTK69 expression is negatively regulated by both MSI and SINA.
Consistent with this idea, the morphology of sina msi double mutants (Fig. 3E) ), a mutation that disrupts expression of both the TTK69 and TTK88 proteins (Guo et al., 1995) . The external morphology of the eye and the formation of the rhabdomeres were nearly normal (Fig. 3K,L) . Thirty percent of the sina 2 msi 1 ttk osn /sina 3 msi 1 ommatidia showed the normal number and arrangement of photoreceptor cells and were indistinguishable from wild-type ommatidia (indicated by arrowheads in Fig. 3L ). In addition to the effects on photoreceptor cells, cobalt sul®de staining revealed that the number of cone cells was different in sina 2 msi 1 /sina 3 msi 1 eyes, which was also suppressed in a ttk osn heterozygous background (data not shown). These results suggest that the severe eye phenotype of the sina 2 msi 1 /sina 3 msi 1 double mutant may have resulted from an elevation in the TTK expression level.
Discussion
We have characterized in detail the expression pattern of MSI during eye development. Immunostaining of eye imaginal discs using an anti-MSI antibody revealed that MSI is expressed in the nuclei of photoreceptor cells. Since the expression of MSI in photoreceptor cells begins at an early stage of neuronal differentiation, it could be proposed that MSI is required for the regulation of genes involved in the determination of neuronal fate. Although no cell fate defects were observed in the msi 1 mutant eyes, the phenotype of the sina msi double mutant clearly indicates that MSI has a redundant function in this process (see below). In addition, our results demonstrate that MSI and SINA are also necessary for later events in photoreceptor cell differentiation, including the normal formation of rhabdomeres and the spatial arrangement of photoreceptor cells in the ommatidia. Furthermore, the present data from our transgene rescue experiments show that the RNA binding ability of MSI is essential for its function in these events. This result suggests that MSI regulates the expression of target genes involved in these events by binding to their mRNA.
Here we present evidence that MSI negatively regulates TTK69 expression. Since TTK69 expression does not change in msi 1 /msi 1 eye discs (data not shown), MSI is not likely to be indispensable for regulating the TTK69 level in eye development. However, we demonstrated that sina 2 msi 1 /sina 3 msi 1 double mutants showed ectopic expression of TTK69 in eye discs. We could not identify the cell types ectopically expressing the TTK69 protein in sina msi double mutants because both the photoreceptor and cone cells were deformed at later stages of development (Figs. 3J, 4C and 5C ). However, we suspect that TTK69 is ectopically expressed in all photoreceptor cells, based on the following evidence.
The observation that R1, R6, and R7 are absent in sina msi double mutants while only R7 is absent in sina mutants, indicates that MSI and SINA have redundant functions in the cell fate determination of R1 and R6. The observation that R7 is completely absent in sina msi double mutants, while 10% of the ommatidia in sina mutants contain R7, indicates that MSI and SINA also have redundant functions in the cell fate determination of R7. Since msi single mutants do not show the loss of R7, SINA is likely to be more important in the determination of R7 than MSI is. In phyl loss-of-function mutants, R1, R6, and R7 have been shown to transform into cone cells (Dickson et al., 1995; Chang et al., 1995) , suggesting that the elevation of TTK protein may have resulted in the transformation of R1, R6, and R7 to cone cells in the present case as well. An increase in the number of putative cone cells was also observed in 40% of the sina 2 msi 1 /sina 3 msi 1 ommatidia (data not shown), also suggesting that R1, R6, and R7 were transformed to cone cells. Thus, MSI may be involved in the downregulation of TTK69, which is required for the deter-mination of the neuronal fate of R1, R6, and R7. This idea is supported by the observation that both the differentiation of R1, R6, and R7 and the number of cone cells are partially recovered in the ttk osn heterozygous background ( Fig. 3F,L ; data not shown). MSI is also involved in the downregulation of TTK to control the speci®cation of cell fates during the development of the external sensory organ (Okabe et al., in preparation) .
Another phenotype of the sina msi double mutant appears to be relevant to late processes of cell differentiation in eye development. In the sina msi double mutant, R8, R2, R5, R3, and R4 initially express the neuronal antigen ELAV, suggesting that their early differentiation is normal. However, some of them fail to maintain this expression and most of them lose their normal arrangement in ommatidia and/or form abnormal rhabdomeres. These results suggest that MSI and SINA have redundant functions that are required for the survival and/or maturation of all the photoreceptor cells. In 40 h APF pupal eyes, both MSI and SINA are expressed in all the photoreceptor cells ( Fig. 2I ; Carthew and Rubin, 1990) . In sina mutants, rhabdomere formation is partially affected (Carthew and Rubin, 1990) . Deformed rhabdomeres are detected in 3.05% of the msi ommatidia (data not shown). These data support the idea that msi and sina are important for later processes of eye development. Compared with sina 2 msi 1 /sina 3 msi 1 , rhabdomere formation in sina 2 msi 1 ttk osn /sina 3 msi 1 is nearly normal, suggesting that elevation of the TTK level may be also responsible for this phenotype. Since PHYL expression is apparently limited to R1, R6, and R7 (Dickson et al., 1995) , a PHYL-independent mechanism(s) for the negative regulation of TTK by MSI and SINA should exist in other photoreceptor cells, which may be required for processes later in differentiation. In fact, TTK69 was recently shown to play a role in the differentiation of photoreceptor cells at late stages of eye development (Lai and Li, 1999) .
Our results demonstrate that MSI and SINA redundantly function as factors required for the downregulation of TTK69; however, the mechanism remains unknown. Our recent study, exploring the target RNA for MSI, indicates that ttk69 mRNA contains multiple sites that could potentially be recognized by MSI (Okabe et al., in preparation) . Therefore, it is likely that MSI binds to the ttk69 mRNA to inhibit its translation or reduce its stability. In contrast, SINA has been shown to function with PHYL to target TTK protein for degradation (Li et al. 1997; Tang et al., 1997) . Thus, MSI and SINA are likely to function in downregulating TTK at different levels in independent manners. If one functioned via the other, the phenotype of the sina msi double null mutants would be identical to the phenotype of single null mutants for the gene that functions downstream of the other. Instead, the sina msi mutants showed a synergistically enhanced eye phenotype that was much more severe than that of the single mutants. This evidence is consistent with the model described above. Furthermore, the ®nding that a half-reduction in the gene dosage of ttk suppressed the sina msi double null mutants indicates that ttk is downstream of msi and sina. Taken together, the expression of TTK is likely to be regulated posttranscriptionally by factors including MSI, and posttranslationally by SINA, PHYL, and Ebi. The negative regulation of TTK by MSI and SINA is required for both the early processes of R1, R6, and R7 differentiation and the late processes of the differentiation of other photoreceptor cells in eye development. Further studies will extend our knowledge of how the posttranscriptional regulation of gene expression by MSI controls ommatidial development.
Experimental procedures
Genetics
Fly culture and crosses were performed according to standard procedures at 258C. Mutant¯ies used in this study were as follows: msi 1 (Nakamura et al., 1994) , sina 1 (Carthew and Rubin, 1990) , sina 2 (Carthew and Rubin, 1990) , sina 3 (Carthew and Rubin, 1990) , and ttk osn (Guo et al., 1995) . Canton-S was used as the wild-type strain. The plasmids were injected into the embryos of w
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, D2±3] to generate transgenic¯ies as described previously (Sawamoto et al., 1994) .
Western blotting
Ten pairs of eye discs from third-instar larvae of the indicated genotypes were homogenized in 1£ Laemmli sample buffer. After boiling for 5 min, the lysates were spun at 10 000 £ g for 5 min. Samples were fractionated by electrophoresis on an SDS±10% polyacrylamide gel and transferred to an Immobilon PVDF membrane (Millipore Corp.). Immunodetection was performed using an anti-MSI antibody at a dilution of 1:20 and an alkaline phosphatase-conjugated secondary antibody (Sigma) at a dilution of 1:400.
Plasmid construction
A 10 kb EcoRI±EcoRI fragment from the msi genomic DNA (Nakamura et al., 1994) was ligated into the pCaSpeR2N vector (Pirotta, 1986) for the rescue construct P[msi 1 ]. The mutations converting amino acids 218, 220, 223 (these three are contained in RRM-A: an RRM located on the N-terminal site of the MSI protein), 306, 308 and 311 (these three are contained in RRM-B: an RRM located on the C-terminal site of the MSI protein) from phenylalanine to alanine were introduced into P[msi 1 ] to generate P[msiA*B*] by site-directed mutagenesis.
Generation of antibody
To generate an antibody against MSI, a 0.6 kb ATGBamHI fragment from the msi-1 cDNA (Nakamura et al., 1994) was ligated into pGEX-4T-3 glutathione S transferase (GST) fusion expression vector (Pharmacia). The recombinant protein, consisting of GST and amino acids 1±210 of the predicted MSI protein, was puri®ed on glutathione Sepharose resin (Pharmacia) following the manufacturer's directions and used to immunize rats. Anti-MSI monoclonal antibodies were made by standard techniques (Harlow and Lane, 1988) . Three clones were obtained and a single clone, 3A5, was used in this study.
Histology
Scanning electron microscopic observation and semi-thin sectioning of adult eyes were performed as described previously (Tomlinson and Ready, 1987; Kimmel et al., 1990) . Cobalt sul®de staining of pupal retinas was performed as described previously (Wolff and Ready, 1991) . Immunohistochemistry was carried out as described previously (Xu and Rubin, 1993; Nakamura et al., 1994) . In addition to anti-MSI, antibodies used in this study were anti-ELAV (Robinow and White, 1991) and rabbit anti-Bar (Higashijima et al., 1992) . Rhodamine-, FITC-, and horseradish peroxidase (HRP)-conjugated secondary antibodies (Jackson Immunoresearch Laboratories) were used at a dilution of 1:200. For immunodetection, Avidin-Biotin ampli®-cation (Elite ABC kit, Vector) was used in some cases. A Zeiss Axioplan2 microscope with a Fuji HLC-2000 camera and an Olympus LSM-LUSU2-200 confocal microscope were used to examine the stained samples and obtain the images. Images were processed using Adobe Photoshop 5.0 software.
